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ABSTRACT ^ ' . / 

Designed to meet the " joi^related metric * measurement 
needs of aviation electronics students, this instructional package iS 
one of four for the transportation, occupations clustelf; part of a set/ 
of 55 packages for. metric instruction in different occu-f^ations j Il;e. • • 
\ .pack-age is Intended fcx students who. already know the occupational 
^ ter fflinclog'y;, measurefflent terms, and tools currently in use. Each of 
-the ^ive units in this instructional, package cojitai^fi performance 
objectives, learning activities, and supporting information in the 
form of text, exercises,* and talales. In addition, suggested' teaching 
technaques are -included. ^At the hack of the package^re . - 
objective-base'd evaluation items, a page of answer's to the exercises 
and tests, a list of mertric materials needed -for the activities^' *' 
references,^ and a list of suppliers. The material , is designed to . 
accoiBJBOdate a variety of individual tea.chimg ^nd learning styles, 
e.g., independent .stud}f, small group, or whole-cla^s activity* 
Exercises are intended to facilitate experiences . with measurement-''' 
^instruments, tools, and devices used in this occupation and * 
jobrrelated tasks of eCstimating and measuring. Onit I, a general 
introduction to the^met^ic system of measurement, provides informal, 
hands-on experiences -for the students. This unit enables stu^nts tdi ^ 
become HEamiliar with the basic metric units, their symbols , and 
measureioent instruments; -and tb* develop a set of mental references 
for metric values. The metric system of notation also is. explainejj. 
Onit 2 provides the met^c terms which are .iised in this occupation 
and gives experience with occ^upatibnal measurement tasks. Onit 3 
focuses on job-related metric equivalents and their relationships. 
Unit 4 provides expedience .with recognizing ajQd using metric 
instruments and. tools in cccupati^al measurement tasks. It also 
provides -^e^perience in comparing metric ajid customary measurement ^ 
instruments. Onit 5 is designed to- give students practice in 
converting customary a^d metric measurements, a s.kill considered / 
usefiil during the transition to metric in "eaclr^5G"cu nation. iHD) 

Documents Acquired by ErJ^ include many infonnal unpublished materials not available from other sources. ERIC makes every 
effort to obtain the best copy available. Nevertheless, items of, marginal reproducibility are often enc^untere*^ and this affects the ^ 
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TEACHING AND LEARNING 
THE METRIC'SYSTfiM , 



2. Students learn better when metric units are/or|ipared to familiar 
. objects. Everyone should learn to "think metric,''' Comparing 
metric units- to customary units can be confusing, ' \ ' 

3/' Students will learn quickly to estimate and measu'rein metricunits , 
J' by "^tomg." . • ' r I 

; \r Students should have experience with measuring activities before 
* .getting too much information. 

• . . ■' . <^ 

5. Move through the units .in an order which emphasi;|^s^ the sim-^ 

plicitv of the mf^tric system (e.g., length to area to volume). - 

' 6. Teach^ohe concept at a time' to' avoid overwhelmmg -students with 
■ too much material. . , i < • \ 

Init 1 is a general introduction^to Ihe metric system of nieasure- 
ment which, provides informal, hands-on experiences for the students. 
• This unit enables 'students to^becom? familiar with the basic metric - 
\ units/their Symbols, and measurement instruments; and to develop a 
set of mental references lor metric values, The metric system pf.nota- 
O Iso is explained. 

ERJC ■ , . . 



This metric instructional package was designed to meet job-related 
•metric meaiuremeni needs of students. To use this package students 
should already know the occupational terminology, measufremerit / 

' terms, and tools currently in use. These materials' were prepared with 
the help of expenenced vocational teachers, reviewed by experts, tested ' 

^ in classrooms in different parts of the United States, and revised before- 
distribution. - , • 

Each of the five u?lits of instruction contains performance objec- 
tives, learning activities, and supporting information in the form of ^ 
text, exercises, and tables. In addition, suggested teachirig techniques 
are included. At the back of this package are objective-based evaluation 
items, a page of answers to the exercises and tests, a list of metric 
materials needed for the activities, references, and a list of suppliers'. 



Classroom experiences with this instructional package suggest the 
following teaching-learning strategies: , 

I ' Let the first experiences be informal to make learning the metric' 
system fun. , :* 



Unit 2 provides the metric terms which are used in this occupation' _ 



aes tne 

and gives^experience witfh occupational measurement tisks. 



" Unit 3 focuses on job-related metric equivalents and their relation- 



ships. 



Unit 4 provides experience with recognizing and using metric 
instruments and tools jn occupational measurement taslcs. It also.pro- 
vides experience iri comparing metric and customary measurement in- 
slruments. . . , ^ " 

' Mi 5 is designed to give students practice in converting custom- 
■ ary and metric measurements. Students should learn to *'think metric" 
and avoid comparing customary arid metric units. Howevers skill with 
conversion^'tables will be useful during the transition to metric in each 
occupation. 



I 



Using These Instructional Materials ^ 

This package was designed to help students learn a core of knowl- 
edge abjut the metric iysteiti which they will use on the job. The 
exercises facilitate experiences with measurement instruments,' tools, 
and devices ..used 'in this occupation and jo|?-related tasks of esiiraating 
and measuring. \ / * 

This insl-'uctional palskagealso was designed to accommodate a 
variety of ind ;d'ial teaching and learning, styles, Teachers are encour- 
aged to adapt the ' materials to thejf own classes. For example, the 
information shet s nay be given to students for self-study. References 
may be used as supplemental resources. Exercises may be used in inde- 
pendent study, small groups, or whole-cfass activities. - All of the 



materials can be expanded by the teacher, 



Gloria S Cooper 
Jbel H. Magisos 
Editors 




This publicaiion m developed pursuant to contract No OEC-0'74'9335 wah the 
' Bureau oltlccupait.onai and Adult Education! US. Department d HeallV Educa- 
tion and Welfare However, the opmionj expressed hereiri do not necessarily 
reflect the position or policy olthe US, Of.fice d Education and no -official 
endorsement by the U S Office of Education should be inferred. 



UNIT 




, 2. 

3! 



'6- 
7,' 



SUGGESTED TEACHING'SEQUENCE 

. These introductory exer'^ses may require 
. two or three teaching periods for all five 
areas of measurement. 

Exercises should be followed in the order ' 
given to best show-the relationship 
' between length, areaj and volume 1 

Assemble the metric measuring devices , 
(rules, tapes, scales, thermometers, and 
measuring containers) and objects to be 
measured.* 'j 

Set up the equipment at-wotk stations 
for use by the whole class or as individu- 
alized resonrce^fctivities. 

Have the students estimate, measure, and 
record using Exercises 1 through 5. " 

Present information on notatiop and 
make Table 1 available. 

Foltbw.up with group discussion of 
activities, 



•Other school departments may have devices ^yhich 
can be uied. Metric suppliers are listed in the reference 
lection. 
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OBJECTIVES ] ' ■ . ' ' i ■ ■ 

The student wOl demonstrate-these skills for the Linear, iiea,.Volume o^ Capacity, Mass, and 
Temperature Exercises. using the metric terms and measurement devices listed here. 





■ I ' — 


■ i" .1 


EXERCISES' 

• * 




SKILLS . 


i 

Uwir 

( ■ 
{pp. 3 -4) 


( 

Ani 

' ' t 
(pp. 5 -6) 


Volume or CipKity 


Mitt 

(pp. 9 101 ' 


Timperaluit 

(p. 11) 


1 Reco{njzranduirthr, 
unit and itiiymbol for: 

2 Sel«t, uie, md nid the 
ippropriatt miiiurinf 

' inftromenU for: 

3, Sutrori: • 

phyiicil reffrencf 'for: 


* 1 

milliriielrf (mm)' 

vciuiiiiviiv l^liiJ 

! \ 

mftre (m) 

1 \ 

1 / 


tquire 
^ntimrtre 

'(Cm J 

iquirt 
mitre 


- cubic centi- 
metre, (cm^) 

cubic mitre 

V) 

■ ^^ft (!) 
miUilitr((ml) . • 


.1 1 

kHogrim (kg) 

1 

■ 1 

!• 


degree Celiiui 

■ I C) 

f . 


). himit vithin 2511 
of the^tuil mitf ur^;' 


hei^jt. width, or 
l(nf|) of obj«cU 


the irti of 
1 liven lutficc 


cip/wity of, , 
containen 


1; 

the mauofobjecli 
in grami ind kilo- 


file temperature of 
the lir or i liquid, 


5. Reid correctly 


mftrj Jtick, mftric 
Up« ilawufe, and 
mttritrvlcn 




miviiremenu 
onVnduitcd 
Toliim*^<mtiwr- 
inidevicN 


1 kilogram icalr 
and a gram'Kile 

^ \ 


A Celiius Ihermomile^ 







RULES OF NOTATION 1 " - ' •/ ' ' \ 

1. Symbols are nj)t f apitajized unless the ynit is a pjoper name '(mm no? MM^. 

2. 'Sytnbols are not foliowfed by periods (iflTJorm.); * . 

3. Symbols are not followed by an s for plujals (25 gnof 25 gs). 
'4. A space separates the^numerals from tl^e unit symbols (41 noMl).- , ■ 

5, Spaces, nofcommas, are 'used to separate large numbers into groups of three 
. digits (45'271kmMM5,271 km). 

A zero precedes the decimal Jpoint'if the number ij less than one (0.52 g nof .52 g). 

: 7. Litre and metrtcan be/speHed either with an -re or -er ending. • 

.■ .1 ■ . 



, Information Sheet 1 



, ' -METRIC UNITS. Symbols, AND^PEFERENTS 



METRIC PRflFKES; 




, Quantity 


itietnc I nil 


oymDoi 


£^ ^ • ' < 

susdui iveierenis 


Ungth 


millimetre 


mm 

^ 


Thickness of dime or^aper 
g clip wire , 


centimetre ' 


cm 


Width of paper clij;) 


- metw 


Dl 


Height of dcpr about 2 m 


i(ilometre 


km 


12-minute walking distance 


Area 


■square • 
centimetre 

c* * 




Area of this space __ 


square metre, , ^ 




Area of card table top 


hectare f 


ha • 


Football field including sidelines ' 
and end zones' 


Volume atid 
tapacity 

• I ■ •■ 

i 


millilitre > 


ml 


Teaspoon is 5 ml 


litre 


1 ■ 


A tittle more than I qijart 


cubic 

centimetre 


3 

cm 


Volume of this cd 


ntainer- 
— i-' 




cubic metre 


m 


A little ihore.than a cubic yard 


Mass 

* 

1 


milligram 


mg 


1 ' 

Apple seed about 10 mg, grain of 
salt,,! mg 


gram 


i A 


Nickel about 5*g 


kilogram 




1 \ I, — ■ 
Webster's Collegiate Dictionary 


metric ton ^ . 
(1 OOOkUoimns) 


t " \ 

1 


'r ' ■ ' 

'Volkswagen Bjeetle * ' 
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Table'1-a 



Multiples and 
/ Submultiples 


rreiixei < ^ 


1 

■ 1 

Symbols 


1 000 000 =' 10" , 


megalm^g^a) 


— ■ — r— 

M ■ 


1 000 = 10^ 


kilo(kiIo| 


'•k 


100 = 10^ 


hecto (hek'to) 


■ , h ■ 


' 1 

io=,io' 


deka(dekaj 


da 


Base Unit 1 = 10° 






0.1 = 10"' 


deci(des'i) 


d ' 


0,01 = 10'^ 


centi (s?n'ti) 


c 


" . 0.001 = 10"^ 


mill^(miri) 


m 


' 0.000001 = 10''' 


micro (mi'kro) 





Table 1-b 



I. 



, 1/ 



LINEAR MEASUREMENT ACTIVITIES ' « • 
Metre, Centimetre; Millimetre 



.1. THE METRE (m), 



A. . DEVELOP A FEELING FOR THE SIZE OF A Wm 

Pick up one of the metre 

sticks and stand It up on the 
' ' ' floor. Hold it in place witb 

one hand. Walk around the 

stick. Now stand next to 

the stick. With your other ' 
V, hand, tQuch yourself where 

the top of the metre stick 

comes on you, ' ' ' 



rn.-VriSIIOWHIGHAME'^EISI.' 




2. Hold one arm put straight 
' ■ at shoiiIHer height. Put 
the metre stick along this 
(vmuntilthe-end hits the 
'end of your fingers. IVhere 
is the otijer end of the 
metre stiok^ Touch' your- 
self at that end, 



TH.vr^SHowLON('^fh\lF:^REIS!'• 




■^0 . 
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\ 

I 

3. .Choose a partner to stand 
af^ourside, Move apart 
so that you can put, onp 
end of J metre sticik'oTi'"" 
)'our partner's shoulder' 
and the other end on 
your shoulder. Look at 
the space between you; 



.-3 




. 1 THj\T IS THE WIDTH OF A METRE! 
I ■ \, I 

\- , • P 

B. DEVELOP YOOK ABILITY TO ESTLMATE IN METRES 

Now you will improve'your ability to estimate ip metres. ' ■ ' 
Remejnber where the length and height of a metre was on your 
body. . 

For each qf the following items: ' 
'< ' ' '• ' ' ''\^ 

Estimate the size of the items and write your estimate in L_ 
ESTIMATE column. Measure the size with your, metre stick'' 
and writ^ the 'answer in the MEASUREMENT column. 

" . De(|ide how close your estimate was to the actual measure, if 
■ your .estimate was within 25% of the actual measure you are a 
■"Metric Mf^el." ' '[ . . ^ 



1. Height of door knob-- 
from floor. 

2. H|faofdoor. 

3. Length of table. 

i Width of table,!, ■ 

'5,. Length of wall of 
this room. 

6. Distance from 
you to wall. 



HowQose 

Estimate Measurement Were You? 
(m) • (m) 



Exercise 1 

(continued on next page) 
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U 'A&NTIMETREfcm)' 

• . There, are 100 rwil!ra%e^s in ow me.fre. If there sfe 4 metrps and 

^ lentimWs, you write '403 cnf[ (4 i 100 crt) + 2f cnt = ;400*cm • ' 
',,+3.cmJ..y '\ ■ : ■' , . ■ 

^ ^ A' DEYELpyFEEllSlGfORTHESIZEQFAOTTO 

; 1. - Hold'tpmetrbryjer against tlie width of your thumbnail, 
HQ^'wide!sit(^_ 



III.JHEMIJLLHilETRE(rairi) 



" There are lO'niillimptresin one rentimetire/ Whetn^ measiiremefif is'' 
■ 2 cejitimetres and^milliraetre'Si yiau write 25 mm [(S x 10 mb) 
" + 5'"mm = 20 mm + 5 mm}.. There are lOOO mm in.l m. 



A. DEVELOP A 



LOPA';^ 



FORTtiESIZEOFAMLLIMETRE 



2, llfeisme your thumb frfipi .the first joint to the encT 
^m^tric ruler to fmd the width'of your.palm. . 



^3?-'* Use .the 



- UsiAg a ruler inarked in millimetres, measure: 

' 1. ThicknesSvOf.a paper clip wire: ^ 

2. ' Thicknesjipf your*fingemaiL 

3! Width of your fingernail. ^. 



•cm. 



4, Measure your index or pointing finger Howiongiiit? \ 



• 5/KMea?qjs^your wrist with a tape measure. Whatistfedisfancfi''' 
^ ^'around it? > ' cm' \ ' ' • 

■^ 6, Use the tape measure to fjnd your waist siie. _^ cm * 

• \ /-'^ )V ■ • " '. ' ■ 

'B. DEVELOP YOUR ABILITY TO ESTIMATE IN CENTIMETRES, 

You aie^ow'read^^ to estimjite^ m centimetres, r or each of the 

^ folloi^^^g items, follow the procedures used for estimating in 



4. Diameter (width)of a coin, y • \ , ( 

5. Diameter (thickness) of your pencil; 

6. . Width of a postage stamp. 



metres. 



1. Length of arpaper 
clip, ^ • 

2. Diameter (width) 
c of a coin. 

3. Width of a 
^postage stamp, 

4. Length of a 
pencil. 

5. Width of a sheet, 
of paper. 



, HowGose 
Estimate Measurement WereYftu? 
(cm) (cm) 



mm 
mm , 

.mm 
mm • 
mm 



B. DEVELOP YQUR ABILITY TO ESTIMATE IN iWLLIMETRES 

You are ndw ready, to estimate in rtiillimetres. For each of the 
following items, follow th? proffedures used for estimating in 
metres. 

' ' ' HowOose 
Estimate . Measurement Were Yoii? 
(mm) , (mm) 




f^?!. TM€C 
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c. 



1. Thiebiess of a 
nickel. 

2. Diameter (thickness 
A of a bolt' 

3. * Length of a bolt. 

i Width of a sheet 
^ of paper. ' , 

5. Tiicknessofaboard 
"^r desk top. 

6. Thickness of a' 
button. • ' 



Exercise 1 



E 



'•7 



,1 0 



AREA MEASUREMENT ACTIVITIES 
• Square Centimetre, Square Metre ' ' . 




\V1IEN YOU DESCRIBRp AREA OF SOMETHING YOU ARE 
, S..\YJNG im.\WNY "SQUARES O^k&M^ SIZE ITff AKES TO 
COVER TH^SURFACE, , . ^ ^ ^ 

A. THE SQUARE CENTIMETRE (cm^) ' ' 



1 ^1 

r 



■ : / 



9 I 



A, DEVELOP A FEELING FOR A SQUARE CEnAtRE' 

•A., Take a cleai plastic grid, or use the grid on page 6. / 

2, Measure the length and width of one of these* mall • " 
squares with a cehtimetremle^ ' ' 

'THAT IS ONE SQUARE CENTIMETRE! ' / 

•3. Place your fingernail over the grid. About hoW many 
squares does it>take to cQver your fingernail?' 

„2 



V 



5 

B. ^ DEVELOP YOliR ABILITY TO ESTIMATE IN SQUARE 
' OENTINfiTftE^ ; 

' You are now i;eady to dewlop your ability to estimate 
in square centimetres.- ' ' " 

■ ^\ - 

' Remember the size of a s^are centimetre, For eafh of the 
following ile'ras/follow the procedures used for eSjuating in 
metres.' ■ 

■ ^\ ' How'Qose 

Estimate Measurement Were You? 



V: Index card. . 

2. Boot ■cover. 

'3^. Photograph. ! 

4. Window pane or 

' desktop.. 



X 



-cm' 



4: Place a c4in over the grid.; About ho* many squares 



J. 



does it take totover the coin? 



.cm' 



5. Place a postage staiftp over,the grid. About how many 
squares does it take to cover the postage stamp? 



-cm' 



6. 



Place an envelo|je over the grid. ,About how many 
squares doei it take to cover the envelope? . ' 



-cm' 



7. Measure the length and width of the envelope in centi- 
metres. Lehgth_l_ cm; width cm. 

Multiply to find the area in square centimetres. 

cmx cm = ^cin^ How 

close are the answers you have in 6, and in 7,? 



THE SQUARE METRE (hi^) 

A. ^ELOP A FEELING FOR A SQUARE METRE 

' 1. , Tape four metre sticks together to make i square which 
is one metre long and on? metre' wide. 

2. Hold the square up with one side on the floor to see how 
big it is. ~ 

3. Place the square on the floor in a comer. Step back and 
look. See how much floor space it covers. 

4. Place thp squaw 5ver a table top or desk to see how 
imfch space it c^ers. 

^5, Placet^ square against the bottom of a door, See how 
' much cf the door it covers. How many squares would it 
tak^ to cover the door? 



06' 



THIS IS HOW BIG A SQUARE METRE IS! 



ERIC 
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Exercise 2 

(continued CD ne|t page) 
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!'B. 



CENTIMETRE GRit) 



^ YiHi^e now ready to estirtiatejin square metr&s. Follow the ' 
' p^cedures used for estimating';i4 metres. 



!.• Door. 



2. M^heetof ^ ^/ 



3, Chalkboard or ' 
bulletin board. 
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Exercise 2 



VOLUME MllASUREMENT ACTIVITIES 
Cubic Centimetre, Litre^Miiliiitre, Cubic Metre 



I. .THE CUBIC CENTIMETREIcm^) • 

f ' ' is ■ 

A. DEVELOP A FEELING FOR THE CUBIC CENTIMETRE 

■ ..V ■ . . ■ : , 

Pick up a colored plastic cube. Measure its length, ' 
; ' height, and width in centimetres. 

• ^ '^ • TjfAT IS ONE CU^^ CENTIMETRE! : * 
2. Find th^ volume df plastic lUre box. j ' 

. i Place a ROW of cubw against the bottoiB of on&'.^^^ 
pf the box. ■ How maijy cubes fit-in the row? y ■ " 

, ^b. Place another ROWof cubes against an adjolhing side 
of the box. <How many rows fit inside the box ■ 



B, DEVELOP YOUR ABILITY TO ESTlMATE^N CUBIC . 
^CENTIMETRES 



You are tiow ready to devetop yopfability to .estimate - 
in cubic centimetres. 

i ■ '"-^^ 

^Remember'tke size of a cubic centimetre! For each of 
Ihe followinMems, uSe the procedures for estimating in 
niietres. 

' ' ' ( 

HowClose 

^ ■ Estimate Measurement WereYouJ 

" 'tf ) (cm^). • 



to make one layer of cubeS?. 
How many cubes in each"row? 

How many cubes in the layg'r in the bottom of, the 
box? 



IvSndex cardfile 
box.- ' 

2. I'reejer container. 



■i 



/ 



c. Stand a.ROW of^bes up against' the side of the box 
How m?ny LAYERS wduldfit in the box? 

. How many cubes in each layerf.^. . « 

How many cubes fit in the box altogether? ' 

THE VOLUME OF THE BOX IS^ CUBIC 

CENTIMETRES. ■! 

d. Measurtthe length, width, and height of the box in , 

centimetres, Length cm: width '' cm: 

height ' c m. Multiply ..these numbers to find 

, the volume in cubic centimetres. 



I 



3V Paper clip b3il^. '. ^ ■ 

4, . Box of staples. . L_ 

n. .THE LITRE(l) ; ' 

A, DEVELOP A FEELING FOR A LITRE 



cmx 



cmx 



cm = 



Are the answers the same inland d',? , 



-Cm^ I 



L Jake a one litre beaker and fill it with' water.- ' 

2. Pour the water into paper cups, filling each as full as you 
visually do. How many cups do, you fill? 

. THAT IS HOWMUCH IS IN'ONE LITRE! 

3. ^ Fill the litre'&tainer with rice, 

■ THAT IS HOW MUCH IT TAKES TO FILL A ONE ' 
LITRE CONTAINER! * 



lie 
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» Exercises 

(continued on next page) 



■ ^'B. DEVELOP YOUR ABILITY TO ESTIMATE IN Lift 

y3u are now read^> develop your ability to estimate in ^ 
htres.. To write iwo lind onif litres, you write 2.5 1, or* ' 
JlS litres, To mie one-half litre, you wifite 0,5 1, oj 0.5 
' . litre. 'To write t*o and Wee-fourths litres, you write 4 
[ , 2.75 1, or 2.75 litres. ^ ^ ,J ' 



B. .^DEVELOP Y0«|ABII|ITY TO ESTIMATE IN MILLlLlTR'ES 

^ , You ar^ now ready to estimate in millilitr^s. f ollow the . 
'.. procedures used foi ^timating metres. * 



' Howaose 
* Estimate Measurement Were You?, 
(d) ^ |ml) \ ^ 



For eack oflhfiiollowing items, use the procedures for I 

; estimating in metres, " ■ , \ 

• 7 . / ' ■ ^ J ' How Close 

tlstimate^ Mfasurement We^Jfou? 

(1). (1) • T ' 



I 

X 1, Medium-size 
' j, freezer container. 

^ 2Xii?rge freezer 
V . .cqptainer. i 

' 3. , Small freezer • 
container. \, 

4. Bofllfeoriug. 

^ ■ ■« ' 
""lil. THEMULlLITREIral) 



"S. 



1. Small juice citi. 

2. Paper cup or tea 

3. Sop drink can. 

4. Bottle. 



IV. THE CUBIC METRE (ej^) 



,1 I 



A. / DEVELOP A FEELING FOR A CUBIC METRE 



f 



^ J. ^ Place a one metre squarc^n t|ie floor ne.tt to t^ wall 
2. Measure a metre IJRthe waJL 



■ -there are 1 000 millilitres in,one litre. . / ODO ml/= 1 litre. " Half 
a litre is 500 iriillilitres, o? 0.5 litre = 50iml. - -" 




A. DEVELOP. 



'•A.FE£LlNp 



FORA MILEILITRE ' 



1. Examine a centimetre .cube. 'Anything which holds y 
1 cm^ h^lds 1 ml. 



2. • Fill a Iraillilitre measuring spo|)n with rice. Empty the 

spQon into your hand. Carefillly pour the rice into a » 
' ) .. small pile on a sheet jf paper. . v v i; 

' \ THAHSHOWMUCHONEMIL'LILITREIS! ' 

) * • , , v. . , . , 

3. Fill the 5 ml spoon w|h rice. Pour tl||Bce into»another 
pile on the sheet of^er. ' 

[ THATl|;5^LILITRES,0R0NETE.ASP00N!' 

4;. Fill th(l5 ml spoon wi|i rice. Pour the rice into a third 
pile on "the paper. 

THAT^S 15 MILLILITRES, OR ONE TABLESPOON! 

I 7# TMICIMTERfqhl 



3.. Picture a box that would frinto that space. 
■ ^ t^, / THAT IS THE VOLUME OF ON^CUBIC METRE!' 

. ^ ^ B. ' DEVELOP YOUR ABILIThO ESTIMATE It^CUHlC^TRES 
For each of. the following items, ioitow^he estimating proced- 



t 

\ ures us^ before. 



[ 

1. Office desk. 

2. File cabinet. 

3. Small roonr, 



How Close 
Estimate Measurement-' Were You? 
' (m') (m^) ; J 
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MASS (WEIGHf) MEASUREMENT ACTIVIiTffiS 



I 



ram Gram 



■I 



7 



The mass of an object is a measure of the amount of matter jnfthe - ' 
object. Thii amount is always the same Unless you add or subtract 4ime r 
matter fron^he object. Weight is the temi that most people use wh\ 
they 'flitean mass. The weight of sfn object is affected by gravity; the ^ 
^ mass'ofanobjedtisnot. For e/apiple, the weight of a person on earth f"^ 
y might be 120 pounds; that sam/personVwelght on the moon would be 
20 pounds.^This difference is because the pull of gravity on the moon . ' 
is less than'ithe pull of gravity,pn eai^j). *A person's mass on the earth 
^ and on the moon would be th^ ?ame. The metric system does not 
measure weight-itmeasures mass. We w^ilfuse the teijn mass here. , 

The'synj^orgramisg. . , 



7 



. Mass 
(kg) 




■ The symbol' for kilogram is kg.' 



;■, , There are 1 000 grams in one k jiegram, or 1 000 g = 1 kg, ; , 
• .^alf a kilogram can be written as. 500 g,or is kg. 

A quarter of a kilogram can be written as 250^or Qis' kg. , 
Two and three-lourths kilograms is written as 2,75 kg. 



I. THEtoLOGRAM(kg) 



. 'DEVELOP A FEELING FOR THE MASS OF A KILOGRAM 

, ^ . Using a balance or scale, find tlj^e mass of the'items on the table. 
Befor? you find the mass, notice how heavy the dbject "feels"^ " 
and compare iilQthe reading on the scale or balance. , 




06 
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L lliM:anibox/ 

2. TexM. 

3. ; Bag of sugar, ' 

4. ^ Package of paper. 

5. Your own mass. 



B. ^DEVELOP YOUR ABILITyItO ESTIMATE IN KILOGRAM^ 




For the following it^ms ESTIMATE the migjf^ objft^in 
kilograms, then use the scale or balance^rad the exact mass , 
oif the object, Write the exact mass j/he MEJ^SUREMENT 
column. Determine how close^^w estimate is: 

How Close 

Estimate Measurement Were You? 
H) (kg) • 



1, Bag of rice. 

2. Bag of nails, 

3. , Large purse or 
'.briefcase. ' 

4. Another person. 

\ A few books. 



J 



Exercise 4 

(continued on next piffi) 
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117' THEGRif(g) 



; t 



. A, .DEVELOf A FEELING FOR A GRAM 
'I 

' 1. Take a colored plastic cube, Hold.it^n- your hand. 
^ Shake the cube in your palm'is If shaking dicef Feel the 
^ pressure on yoilr hand when the cube is in mi jii, then 
, * when it is notlin motion. . 

THAT IS Hew HEAVY A GRAM IS! 

/ A 

2, Take^secbniciibe and attach it to the first. ShalK the 
cubfts in first one hand and then the other hand; rest 
the) cubes near the tips of your fingers, moving your 
ind up and down. , 

THAT IS THE MASS OF TWO GRAMS! 

3. |Take five cubesjin one hand and shake them aiound. 
tHAT IS THE MA^S OF FIVE GRAMS! 



^ >A B. ■ DEVELOP YOUR ABILITY TO ESTIMATE IN Gft AMS : 

I 

\ \ You ane now ready to improve your al^lity to estimate in ' 
t jramW Remember how hea^ the 1 gram cube is; m heavy. 
. the twVgram cubes are: and how'^heavy the fiy,e, gra^ cubes 
are. For eacli .gf the following items, follow ihe'procedures 
■■^>ed for estimatingin kilograms. ^ > ' . 




1. Two thum^acks, 

2. rencil. 

3. Two-page letter 
and envelope. 

4. Nickel. 

5. Apple. 

6. Packa^GrOf 
margarine. • 



flow Close 

Estimate .Measurement WereYou? 
: (g) (g) ' - 



f 



ri 
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TEMPERATURE ME ASOREMENT ACTIVITIES 
Degree Celsius ■ 



11 




I. DEGREE CELSHJ§ (°C) - . ' ' " 
Degree Celsiu&(°C) is the metric "measure for temperature. 

■ A. DEVELOP A FEt).ING FOUDEGREE CElJiUS ' 

Take a Celsius thermometer. Loolc at the marlcs on it. 

1. Find 0 degrees. 

WATER FREEZES AT ZERO DEGREES CELSIUS (0°C) 
WATER BOILS AT 100 DEGREES CELSIUS (lOO^d) 

2. Find the temperature of the room. _°C. Is the 

, room cool, warm, or about right? ■ . , 

1 3. Put some hot water from the faucet into a container. 

' Find tjjp teinperature. "C. Dip your finger 

, . quickly in and out of the water. Is the water very hot, 
hot, or just warm? 

4. Put Some cold water in a containerwith a thermometer. 

Find the temperature. "C, Dip your finger into 

the water. Is it cool, cold, or very cold? 

•5. Bend your arm with the inside of your elbow around the 
bottom of the thermometer. After about three minutes 
find the temperature.} JCr Your skin tempera- 
ture is not as high as your body temperature. 

NORMAL BODY TEMPERATURE IS 37 DEGREES " 
CELSIUS _(37°C). I ' ■ 

:AFt;V.ERIS39°C. ~ . 

. A VERY HIGH FEVER IS ^c' ; 



DEVELOP YOUR^ABILITY TO ESTIMATE IN DEGREES 
CELSIUS' 

For each* item, ESTIMATE and write down how many degrees 
Celsius you think it is. Then measure and write the MEASURE- 
MENT. See how close your estimates and actual measure- 



ments are. 



1. Mx-sotoehot^ind 
cold water in a 
container. Dip your' 
finger into the 

- ' water. 

2. Pour out some of 
the water. Add some 
hot water. Dip your 
finger quickly into^ 
the water. 

3. Outdoor tempera- ' 
ture. 

■ 4. Sunny window sill. 

5. Mix of ice and water. 

6. Tenperature at * 
floor. 

7. Temperature at 
ceiling. ' 



HdwQose 

Estimate Measurement ^ereYou? 
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UNIT 




OBJECTIVES 

The student will -recognize and use the metric 
tenre, units, and symb,ols used in this occupa- 
tion. -J 

• Given a metric unit, state its use in this 
occupation." 

« 

• Given a measii^€i!ient task in this qccupa^' 
tion, select the'appropriate metric unit 
and measurement tool - 



SUGGESTED TEACHING SEQUENCE 



1. . Assemble metric measurement tools (rules, 

tapes, scales, thermometers/etc.) and 
objects related to this occupation. 

2. Discuss with students how to read the 
tools. 

3. Present and have students discuss^ ' 
Information Sheet 2 and Table I, 

4. Have students learn occupationally- 
related metric measurements by complet- 
ing Exercises 6 and 7, 

5. Test performance by using Section A of 
"Testing Nfetric Abilities." 
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METRICS IN THIS OCCUPATKIN 



Changeover tolhe metric system is under way. Large corporations are already using 
^metric measurement to compete^n the world market, The metric system has been used in 
various parts of industrial and scientific communities for years. Legislation, passed in 
1975, authorizes an orderly transition to use of the metric system. A^ businesses and 
industries make this me^ changeover, employees will need to use metric rneasiirement 
in job-related tasks. 

Table 2 lists those metric terms khich are most commonly used in this occupation, 
These terms are replacing the measurement units used currently. What kinds of job- 
related tasks use measurement? Think of the many different kinds of measurements you 
now make and use Table 2 to discuss the metric terms which replace them See if you 
iJfin add to the fist of uses beside each nitric term, . . 

) 



\ 



/ 
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^/ Metrie Units for Aviation Electronics 



%(ntity 


Unit 


Symbol 


, Use ■ 


Length. 


metre 


m 


*• 

wire lengths r ^ 

— 1 


centimetre - 


cni 

u 


^wire lengths^ tool lengths, locating 
^ switch or box openings 


millimetre 


mm 


1 length and diameter of fasteners^ 
drill bit sizes, wrench sizes 


Ares 

J . 


' Rfluarp milliinptrp 

Dl|UiUv JllUlllllvl'iv 




pflnflritnr nlstfi 


5(]Uflre ceniimeue 


2 

cm 

"1 


installing equipment, switches, 

control boxes . . 


Volume/dipacity 


, cubic metre 


> m 


installing equipment, switches, 
^ control boxes 


cubic centimetre 


■' ™3 
cm ■ 


— 

Temperflture 


degree Celsius ' 

.J 

^ . — 




Gfluinment SDecifications 


fxmw 


kilopascal ' ^ 


kPa 


, equipnikbni specifications^ reading 
cabin pressure. 


Power 


watt 


W 


lamp sizes, energy dissip^on 



ELECTRONIC COMPONENTS 



— 20mm j <— 1^ 

— IE3!L= 

llMIIMilil , 



MINIATURE 
CAPACITOR 



ACTUAL SIZE OF COMPOKEliTS 
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T 

TOP VIEW OF ' 
INTEGRATED 
CIRCUIT 



5mm 



4 mm 



WW RESISTOR 
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TRYING OiT METRIC UNITS 



• To give you practice with metric units, first estimate the measure- , 
.ments of the items below. iVrite down your best guess next to the^ item. 
Then actually measure the item and write down your answers ^sing the 
^ correct metric symbols, the more you practice, the easier it will be. 



Length 
, 1. •Palm width 



2. Hand span 



Estimate 



3. Your height 



4. Wing span' 



5. Space between the^ wheels 



6. Wheel height 



7. Cabin height 

Tl 

8. Fuselage 



9. Propeller 



Area 



10. Wing 



11. Parking spot 



12. Cabin 



13. Hangar 



14. Control box 



'apacity 
15. Smallbottle 



Actual 







Estimate 


Actual 




16. Measuring cup • 








\ 

17. Milk container 






18. Small can 






19. Bucket 






20, Small box 


— — 




21. Tool tray 






22. Switch 






Mass 


23. Telbook 






24. Nickel 






25. Yourself 






26. Box of nylon washers 
— i 






27. A litre of water (net) 






• 28. Switch 






Temperature 

29. Inside 

I 






30. Outside 






31. Hot tf^ water 






32.;., jjjJ(j.tDmt?ui)mter,„. 






33. Engine temperature 
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HYMGWP METRICS 



It is impQrtSnt to know what metric measurement to use. Show 
what measurement to tise in the following situations. 



1. Distance from center of cabia 
. or cockpit^ t^e fin ' 



2.- Miniatui;e capacitor length, 



3. Height of antennajmast 



4. Width of aileron 



5/^i5ijiuneterofspi|infer 



6, Height of fm 



7. Width of instrument panel , 



fj . 8. Diameter of the panel 
• ammeter " 



9. Dimensions of the motor 
generator: 
a) Length 



b) Width 



c) ^ Height 



10. Battery compartment capacity 



11. Dimensions rf^radio transmitter- 
receiver: 



a) Length 



b) Wifith 



cj -Hep •' • ■ 



12. Area of workbench 



13. Diameter of the radar picture 
tube 



14. Mass of the headset 

■^-i 

' 15. Integrated circuit width 



16. Transistor diameter 



17. Len^of 



watt resistor 



18. Power output of engine 
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UNIT 




OBJECTIVE 

The student will recognize and use met- 
ric equivalents. 

• Given a metric unit, state an equivaleiit 
in a larger or smaller metric u'nit, 



SUGGESTED TEACHING SEQUENCE 

W Make available the Infom^^on Sheets 
(3 - 8) and the associated Exercises 
. (8 - 14), one at a to. 

2. ^As soon as you have presented the ' ' 

Information, have the students complete 
, each Exercise. 

3. Check their answers on the page titled 
ANSWERS TO EXERCISES AND i 

TEST. ,^ ., ^ y ■ 

4. Test performance by using SwtionB of . 
"Testing Metric Abilities." 



METRIC-METRIC EQUIVALENTS 
Centimetres and Millimetre'' 




2 3.4 5 6 




1 2 




4 5 6 



Look at the picture of the nail next to the ruler, The nail is 57 mm long, This is 5 cm + 7 mm. 

There are 10 mm in eJich cm, so 1 ram =< 0,1 cm (one-tenth of a centimetre). This means that 
"^7 mm = 0.7 cm, so 57 mm = 5cm + 7mm 

= 5cm+0.7cm [ ' 

= 5.7 cm. Therefore 57 mm is the same as 5.7 cm 

Now measure the paper clip. It is 34 mm. This is the same as 3 cm + . mm. Since each 

millimetre is 0.1 cm (one-tenth of a centimetre), 4 mm = cm. So, the paper clip is 

34 mm = 3 cm + 4 mm , ' , 

= 3cm+0.4cm 

= 3.4 cm. This means that 34 mm is the same as 3.4 cm. 



Information Sheet 3 



Now ygu try some. 

a ) 26 mm = , cm 

b ) 583 mm - ' cm 

c ) 94 mm = cm. 

d ) 680 mm*- cm 



e) 132 mm 

f) 802 ram 



cm 
cm 



g) 1400 mm 

h) 2307mm ' = cm. 
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Metres, Centimetres,, and Millimetres 

There are 100 centimetres in one metre, Thus, 

2in' 2xl00cm' 200cin, ' 
3m- 3il00cm' 300cm, 
Sm- SilOOcm" 800cm, 
_ ' 36 in" 36x 100 cm '3 600 cm. 

There are,,l 000 millimetres in one metre, so 

2'm" 2il 000 mm ■ 2 000mm, 
^3in' 3xl 000 mm' 3 000mm, 



6m' 6xl( 
24m'24xll 



Inrn" 6C 
) mm » 24 ( 



I mm, 
Imiri. 



From your work with decimals you should know that 

one-half of ametre can be written 0,5 m (five-tenths of a metre), 
one-fourth of a centimetre can be written 0,25 cm 
. (twenty-five hundredths of a centimetre), ^ 

This means that if you want to change three-fourths of a metre to 
millimetres, you would multiply by 1 000. So 

0.75 m' 0.75x 1 000 mm 
(( 

7'5 I ' ' 
jjjjxlOOOmtti 

1000 
- 75 X 100 

75x10 mm 
» 750 mm. This means that 0.75 m = 750 mm, 



J 



Information Sheet 4 



Fill in the following chart. 



metre 


centimetre 


millimetre 


m 


cm 


mm 


1 


100 


1 000 , 


2 


200 




3 






9 










5 000 • 


74 .. , 






0.8 


■ 80 




0.6 




600 




2.5 


25- 






118 




639 
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Millilitres to Litres 

There are 1 000 millilitres in one litre. This means that 

2 000 millilitres is the s&me as 2 litres. . ^' 

3 000 ml is the same as 3 litres, 

4 000 ml is the same as 4 litres^ 
12 000 ml is the same as 12 litres. 

Since there are 1 000 millilitres in each litre, one way to change milli- 
litres to litres is to divide by 1 000. For example/ 

1000 

^, 1000 ml « litre «^ 1 litre, ' 
Or < 
2 000 % 
2000 ml = litres- 2litres. 

And, as a final example, ' , 

non.. , 28 000 

28000 ml - litres =«8 litres. 

■' 

What if something holds, 500 ml^ How many litres is this? This is 
worked the same way, ■ 

"lisl '"'^ ^ ''"^ (five-t«nths of a litre ), So 500 mh 
is the same as one-half (0,5) of a litre. 

Change 57 millilitres to litres, 

57 '*\ ' 
5'' ml = YoQQ lit" = (I'Wplitre (fifty-seven thousandths of a 

litre), ' . ' 



' Information Sheet 5 

Now you try some. Complete the following chart, < 



J 



/ 







millilitres 


litr^ 


(ml) 


0) 


3000 




6000 


=>: 






l-iOOO 




5- 






■ 0.3' 


700 






0,9 


250' 






0,47 


■ 275 
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Litres to Millilitres 



W^at do you do if you need to change litres to millilitres? Remember, 
there are 1 000 millilitres in one litre, or 1 litre = 1 000 ml. 



So, 



2 litres^ 2 x 1 000 ml = 2 000 ml, 
7 'litres = 7 x 1 000 ml = 7 000 ml, 
13 litres =lo X 1 000 ml =13 000 ml,' 
0.651itre ='0.65 x 1 000 ml = 650 ml 



N^ow you try some. Complete the following chart. 



Infprmation Sheet 6 



litres 
1 


millilitres 
ml 


8 


8 000 .J 


5 




46 






32000 


0.4 




0.53 






480 
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Grams to Kilograms 

There are 1 000 grams in one kilogram. This means that 

2 000 grams is the same as 2 kilograms, 
5 000 g is the same as 5 kg, 
700 g is the same as 0,7 kg, and so on. ' • 

To change from grams, to kilograms, you use the same procedure for 
■ changing from millilitres to litres. 



Try the following ones. 



Information §heet 7 
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{rami 
I 


blograms 


4 000 


4 


9 000 




23000 






■ 8 


■ m 




1^5 
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Kilograms to Grams 

To change kilo^ams to grams, you multiply by 1 000. 



4 kg= 4 xl 000g= 4 000 g. 
23' kg = 23 xl 000 g = 23 000 g, 
0,75kg=- 0,75 x 1 000 g= 750 g. 



Complete the following chart. 



information Sheet 8 



kilograms ' 


frams 
I 




7 000 


11 






25 000 


0.4 




0.63 






175 
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Changing Units at Work 

Some of the things you use in this occupation may be in 
different metric units. Practice changing each of the following to 
metric equivalents by completing these statements. ■ 



200 cm of wire is 



WO ml of solution is 

1.5 cm diameter waveguide is_ 
1 500 g of hardware is^ 



a) 
\) 
c) 
d) 
e) 
f) 
g) 

i j 500 g of solder is, 
j 

k 



120 mm wide instrpent panel is . 
0.75 litre of lubricating oil is : 

1 000 kg of transmitter is_ . 

2 m board is 



500 ml of epoxy cement is _ 
10 pi of wire is i 



1 ) u cm diameter pipe is 

m) 2 400 mm wall panel length is_ 



m 
'\ 
mm 

Jg 

cm 
I ml 
.t 

mm 

"kg 
.1 

.cm , 
.mm 
cm 
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daJECTIVE 

The student will recognize and use 
instruments, tools, and devices for meas- / 
urement tasks in aviation occupations. 

t : Given metric and Customary tools, 
instruments, or devices, differentiate 
between metric and' Customary. 

• Given an aviation measurement task, 
select and use an appropriate tool, 
instrument or device. 

• Given a metric measurement task, 
judge the metric quantity within ^ 
25% and measure within 5% accuracy. 

SUGGESTED TEACHING SEQUENCE 

1. Assemble metric and Customary measur- 
^ ing tools and devices (rules, scales, ^C 

thermometer, drill bits, wrepches, mi- 
crometer, vernier calipers, feeler gages) 
and display in separate groups at learning 
stations. 

2. Have students examine metric tools and 
instruments for distinguishing character- 
istics and compare them with Customary 
tools and instruments. 

3. Have students verbally describe charac- 
teristics. 

4. Present ormake available Information 
Sheet 9. . ^ 

5. Mix metric and Customary tools or 
equipment at learning station. Give 

*; . studerns Exercises 15 and 16. 

6. • 'l*ist performance by using Section t 
■ ■ of "Testing Metric Abilities," 
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SELECTING AND USING 
METRicmSTRUMENTS , TOOLS AND DEVICES 

Selecting an irhproper tool or misreading a scale can result in an improper sales form, 
damaged materials, or injury to self or fellow workers. For example, putting 207 pounds per 
square inch of pressure (psi) in' a tractor tire designed for 207 kilopascals (about 30 psi) could 
cause a fatal accident. Here are some suggestions: <^ 

1. Find out in advance whether Customary or metric units, tools, instruments' or pro- 
ducts are needed for a given task. 

2. Exa mine the tool or instrument before using it. 

3. The metric system is a decimal system. LooV for units marked off in whole numbers, 
tens or tenths, hundreds or hundredths. 

4. Looi{ for metric symbols on the tools or gages such as m, mm, kg, g, kPa, etc. 

5. Look for decimal fractions (0.25) or decimal mixed fractions (2,50) rather than cohi- 
mon fractions ( 3/8) on drill bits, feeler gages, etc. | 

6. Some products may have a special metric symbol such as a block M to show they are 
metric. 

7. Don't force bolts, wrenches, or other devices which are not fitting properly. 

8. Practice selecting and using tools, instruments, and devices. 



1 
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WHICH TOOLS FOR THE JOB? » MEASURING UP IN AVIATION ELECTRONICS 



'Practice and prepare to demonstrate your ability to identify, 
select, and use metric»scaled tools and instruments for the tasks given 
below. You should be able to use the measurement tools to the appro* 
priate precision of the tool, instrument, or task. 


For||ie tasks below, estimate the metric measurement to 
within 25% of actual measurement, and verify the estimation by 
measuring to within 5% of actual measurement. 




Estimate 


^ Verify 


Select and demoristrate or describe use of tools, instruments, or 
devices to: 

L Mount an antenna mast. 
2. Install the radio transmitter. 
1 3. Install external microphone jack on airplane. 

4. Replace panel ammeter with suitable replacement. 

5. Install a motor generator. 

6. Cut off enough wire for the antenna transmission line. 
J 7. ' Replace the receiver on-off solmj control. 

8. Cut hole inihe instrument panel to mount a VU meter. 

9. Replace the bearing in the motor generator. 
, 10. Replace the brushes in the motor generator. 

11. Replace a microphone cord. 

12. Install a chassis mounted connector. - 

13. Replace a set of instrument knobs. 

14. Rewii-e interior cabin .lights. 


1, S('!vu the mounting screws 
forapaiiel meter. 






2. Find the size of the motor 
generator brushes. 






3. The diameter of the motor 
generator armature bearing. 






4. Replace a rotary switch in 
the instrument panel. 






5. Install the proper mike jack 
to match the mike plug. 






6. Replace the transmitter unit 

with another one. v 
A 


Hi 

^ 




7. Prepare an order for the 
fasteners needed to install a 
receiver in an airplane. 


iff 




8. Write a work order for the 
repair of a motor generator 
_^.with worn bearin^^^^ 


■■ ■■ — 




u, YVlllc d pUlLIla^c UlUcr iUL 

the drill bits needed to install 
along wire antenna. 






10. The shaft length and diameter 
of a radio control. 






/^/^ Exercise 15 Exercise 16 
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OBJECTIVE ' 

The student will recognize and use metric 
and Customary units interchangeably in order- 
ing, selling, and "using products and supplies in 
this occupation. 

• Given a Customary (or metric) measure- 
ment, find the metric (or Customary) 
equivalent on a conversion table. 

• Given a Customary unit, state the re- 
placement unit, 



SUGGESTED TEACHING SEQUENCE 

1. Assemble packages and containers of 
materials, 

2. Present or n»ke available Information 
Sheet 10 and Table 3. 

3. Have students find approximate metric- 
Customary equivalents by using 
ExerciJel?, . . , 



4. Test performanife by using Section D of 
"Testing Metric Abilities." ■ 
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METRIC-CUSTOMARY EQUIVALENTS 



During the transition period there will be a nefed for finding equivalent between systems 
Conversion tables list calculated equivalents between the two systems. Wher^ close equivaler' 
is ne^ed, a conversion table can be used to find it. Follow these steps: 

1. Determine which conversion table is needed. 

2. Look up the known number in the appropriate column; if not listed, find numbers you 
' can add 'together to make the total of the known number. 

3. Read the equivalent^) from the next column. 

Table 3 on the next page gives an example of a metric-Customary conversion table which 
you can use for practice in finding approximate equivalents. Table 3 can be used with Exercise 
17, Part 2 and Part 3. 

Below^is a table of metric-Customary equivalents which tells you what the metric replace- 
ments for Customary units are,* This table can be used with Exercise 17, Part 1 and Part 3. The 
symbol =^ means "nearly equal to." 



1 cm * 0.39 inch 
Im'* 3.28 feet 
lm*1.09^yards' 
1 km * 0.62 mile 
1 cm- 5: 0.16 sq in 
Im^ ^10.8sqft 
Im^ *:1.2sqyd 



i hectare 2,£i acres 
Icm^^O.Oecuin 
1 m^ *^35.3 cu ft 
Im^ *1.3cuyd 



1 inch ^ 
1 foot * 
lyard* 
1 mile =^ 
Isqin* 
1 sq-ft * 
Isqyd^ 
1 acre 
lcuin=s 
1 cu ft 
1 cu yd-* 



?<7 



2.54 cm 
0.305 m 
0.91m 
1.61 km 
6.5 cm^ 
0.09 m- 

0.4 hectare 
16.4 cm^ 
0.03ra^ 
0.8 



1ml* 0.2 tsp 
1ml* 0.07 tbsp 
11*33.8 floz 
1 1 * 4.2 cups 
1 1 * 2.1 pts 
1 1*1.06 qt 

11*^0.26 gal 

1 gram * 0.035 oz 
1kg* 2.2 lb 
metric ton* 2205 lb 
IkPa* 0,145 psi 



1 tsp * 5 ml 
1 tbsp * 15 ml 
lflo2*29,6 ml 
1 cup * 237 ml 
1 pt * 0.47 1 
lqt*0,95l 

lgal*3,79J \ 

1 oz =i 28.3 g , 
lib* 0.45 kg.' 
1 ton *" 907.2 kg 
1 psi* 6.895 kPa 



Itiff^^^A^ fT^^^^"^"^- A ^wcA^ri Introduction to Metric Measiirement. Division of Educational 
Kedesi|!n and Renewal, Ohio Department of Education, 65 S. Front Street, Columbus, OH 43215, 1975, 
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CONVERSION TABLES 



MlLUMmSS TO INCHES 



mm 


Inchet 


mm 


Inches 


^nun 


Inches 


mm 


Inches 


100 


3.93 


10 


0.39 


1 


0.04 


0.1 


0.004 


200 


7.87; 


20 


0.79 


2 


0.08 


0.2 


0,008. 


300 


11.81 


30 


1.18, 


3 


0.12 


0.3 


0.01'2 , 


400 


^ 15.74 


40 


1.57 


4 ' 


0.16 


0.4 0.016 


500 


19,68 ^ 


50 


1.97 . 


5 


0,20 


0.5 


0,020 


600 


' . 23.62" • 


.60 


2.36 


6 


0,24 


0.6 


0.024 


700 


f 27.56 


70 


2.76 


7 


0,28 


0.7 


0.028 


800 


1 31,50 


80' 3.15 


8 


0.31 


0.8 0.031 : 


900 ■ 


' 35.43 


90. 


3.54 


9 


0,36 


0.9 


0.036 








1 OQi^ or 1 metre « 39.37 inches 








INCHES TO MILiUtRES 

j7 


Inches 


\ null 


"■^jJiche! 


mm 


bcbes 


mm 


Inches 


mm 


1 


25.4 


0.1 


2.54 


.01 


0,25 


,001 


• 0.03 


2 


60.8 


0.2 


5.08 


.02^= ^ 0.51 


.002 


0.05 


3 


76.2 


0.3 


7.62 


,03 


lo.76 


.003 0.08 


• 4 


101.6 ' 


0.4. 


; 10.16 


.04 /l,02 


.004 


0.10 




5 


127.0 


0.5 


12.70 


.05 


1,27 


.005 


0.13 


6 


152.4 


0.6 


15.24 


.06 


1,52 


.006 


0.15 


7 


'■ 177.8 




17.78 


.07 


1,78 


.007 


0.18 


8 


I 203.2 


0.8 


20.32 


.08 


2.03 


.008 


m ■ 


9 


I 228.6 


0.9 


22.86 


.09 


2.29 


.009 


0.23 








10 inches = 


= 254 mm 






• 



12 indui or 1 M > 304.8 mm oi 30.48 cm 



Table 3 
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ANY WAY YOU WANT IT 



1. You are working in an aviation electronics service shop. With 
the change to metric measurement some of the things you 
order, sell or use are marked only in metric units. You will 
need to be familiar with appropriate Customary equivalents 
in order to communicate with customers and suppliers who 
use Customary units, To develop your skill use the Table on 
information Sheet 10 and give the approximate metric 
quantity (both number and unit) for each of the following 
Customary quantities. . 
i 



Customary Quantity 



a ) 1 pt. of solvent 



b ) 1 lb. of grease 



c) 35 ft. of cable 



d ) 14 k of hook-up wire 



e ) 2 ft. of wire lead 



4 fl. oz. of epoxy glue- 



g ) 6 in. circuit board 



h ) 1 in. screw 



i ) 1 lb. of hand cleaner 



j ) 4 fl. oz. of silicone spray 



k ) two-mile range 



1 ) 4in. 



m) 2 in. clearance 



n ) 8 in. mounting bracket 



Metric Quantity 




the conversion tables from Table 3 to convert the following: 



^* TWO 



a ) 6 mm_ 

b ) 50 mm 
4: 



. inches 
inches 
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c ) 610 mm 

d ) 1 inch 

M 2.006 inch 
f J 0.75 inch ' 



. inches 
.mm 
mm 
mm 



3. Complete the Requisition Form using the items listed. Convert 
the customary quantities to metric before filling out the form. 
Complete all the information (Date, For, Job No.'etc.). ' 
•\ Requisition one of eadh of the following: 
a ) 100 ft. roll of hook-up wire 

b) 1 lb. spool of solder * ' - , . 

c ) Ipint of control cleaner 

d ) 1 roll of 3/4 inch insulating tiJpe * 

e ) 1 box of 1 inch 4 amp fuses ' 



REQUISITION 



Date 



For 



Job No. 



Date Wanted 



Deliver to 



QTY 



UNIT 



ITEM 




i 



Requested by. 
Approved by _ 



rill 



Exercise 17 
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SECTION A 

1 , Ooe kilogram is about the mafii 
ofi: 

|A1 nickel ' ^ 
[B| iippleseed 
(C) basketball ' 
|D] Volkswagen "Beetle^^ 

' 2. ff. squire metre is ab^out the 
area of: 

|A| this sheet of paper 
. |B| acardUbletop 

(C) / a bedspread^ 
|D| a postage stamp 

3. The length of bdlts and screws 
isfiieasured in: 

(A) metres , 

|B] millilitres 

[C| millimetres 

[D] grams ' , 

^ . J 

4. Cabin preuure is measured in: 

[A] kilogranu 

|B] gnnu . ^ 

[C| millilitres 

I'D] kilopascals 

5. The correct way to write twenty 
(rams is: . 

' |A| 20 {ms 

|BI 20 Cm. 

|C1 20 g. 

|DI 20< 



6. The correct way to write twelye 
thouund millimetTM is: 



|A| 12.000 mm, 

|B] 12.000 mm 

Id 12 000mm 

[D| 12 000'mm 

SECTION B. 



7. A board" 20 centimetres wide 
is the same as: 

' [A] 0.2 millimetre 

|B| 200 millimetres 

[C| 2 millimetres 

[D] 2 000 mQllmetres 

8. A 250 millilitre bottle of control 
cleaner is the same as; 

[A] 2.5Utre8 

|B] 0.025 Hire 

[C] 0.251itre 

[D) ^5 litres 

SECTIONC 

9. For measuring in metres you 
would use a: 

[A] pressure gage 

[B] container' . ' 

[C] thermometer 
[Dl tape 

,10. For measuring in millimetres ' 
you would use a: 

[A] pressure gage 

[B| rule < 

" (C) scale 

[D] "container 



11. Estimate the length of the line 
segment below: 

[A] 23 grams 

[B| 6 centimetres' 

[C| 40 millimetres 

|D| 14 pascals 



12. Estimate the length of the line 
segment below: 



Use this conversion table to 
answer questions IS and 16. 



[A] lO.millimetres 

[B] 4 centimetres 
|C] 4 pascals 

[D] 23 milligrams ' 

SECTION D 

13. The metric unit which replaces 
the fluid ounce is: 

[A] gram 

,[B] hectare- 

[C] . millilitre ' ' 

[D] litre 

* ■ * 

14, The metric unit which replaces 
pounds is;/ 

[A] litres 

[B] kilograms * 

[C] grams 
|D] metres 





in. 


mm 


in. 


10 


0,39 


1 


0.04 


20 


0.79 


2 


0.08 


30 


' 1.18 


3 


0.12 


^40 


1.57, 


4 


0.16 


*o 


1.97 




0.20 


60 


2.36 


6 


0.24 




2.76- 


7 


0.28 


80 


3.15 


8 


0.31 


90 


3.54 


9 


0.35 


100 


3.94 







15. The equivalent of 75 mm is: 

[A] 29,6 in. 

[B] 2.96 in. / 
' [C] ,75 in.' 

[D] 7.5 in, V 

16. The equivalent of 25 mm is: 
[A] ,99 in, 

' [Bl 2,5 in. ' 

[C] 4 in. 

[D] .25 in, 
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TESTING METRIC ABILITIES 



ANSWERS TO EXERCIS JS AND TEST 



EXERCISES 1 THRU 6 

' The answers depend on the items 
, used for the activities, 

EXERCISE? 

Currently accept>dsmetric units of 
measurepient for eacWiestion are 
3hown|h Table 2, Standards in .each 
occupation are being established 
now. so answers may varj'. * 

EXERCISE 8 

a) 2.6 cm el 13,2 cm 

bl 58,3.,cm f) 80.2 cm 

cl 9.4 cm g) 140,0 cm 

d) 68.0 cm h) 230.7 cm 

EXERCISES 9 THRU 13 

■Tables are reproduced in total. An- 
swers are in parentheses. 

Exercise 9 



metre, 


centimetre 


1 f 
millimetre 


m 


cm ^ 


• mm 


1 


■>oo.- 


lOOO' 


2 - 


■■■ 200 . 


(2000) 


3 


■ m\ 


.(3 000)' 


9 


• 1900) 


. (9000) 


(5) 


(500) 


5.000 


74 


(7 400) 


(74 000) 


0.8 


80 ' 


(800) 


0,6 


(60)-^ 


600' 


(0.025) 


2.5 




(0,148) 




.148^- 


(6,391 


/ 639 . 


(6 390) 



7 



00 



^ 



25 



Exercise 10 



Exercise 13 



millilitres 


litres 


ml 


1 


6 l)(JU 


. 3 


0 uUU 


(6) 


(8 000) 


8 


(14 000) 


(14) 


(23 000) 


23 


300 


0:3 


700 


(0.7) 


(900) 


0.9 


. 25a 


(0,25) 


(470) 


0.47 


275 


(0.275) 



Kiiugrdms 


grams 
g 




7 000 


11 


(11 000) 


(25) 


25000' 


0.4 . 


(400) 


0.63 


(630) 


(0.175) 


175 



Exercise 11 



ijtres 
1 


millilitres 
, ml ft 


8 


8 0^)0 


5 


(5 000) 


/ 46 


(46 000) 


(32) 


32 000 


0.4 


(400) 


\53 


(530) 


(0.4fi) 


480 



Exercise 14 

, a) 2m 

b) 0.15 litre 

c ) 15 mm 

d) 1.5 kg\ 

e) 12 cm 

f) 750 ml 

g) It 



h) 2kmm 

i ) 0,5 kg 

j ) 0.5 litre 

k) 1000 cm 

1 ) ^5 mm 

m) 240 cm 



Exercise 12i 



grams 

-M- 


kilograms 
kg 


4 000 


4 


9000» 


- (9) 


23000 


.(23) 


(8 000) 


8 


, 300 


(0,3) 


' 275 


, (0,275) 



EXERCISES 15 AND 16 . 

The answers depend on the 
items used for the activities. 



EXERCISE 17 
Parti. 

a) 0,47 litre h) 2.54cm 

■ b) 0,45 kg i ) 0.45 kg. 

c) .10.675 m i ) 118.4^1 

d) 35.56 cm k.) 3,22 km 

e) 0.61m 1 ) 10.16 cm 

f) 118,4 ml m) 5.08 cm 

g) - 15.24 cm n) 20,32 cm' 



Part 2. 



a) 
b) 
c) 
d) 
e) 
f) 



0,24 in, 
1.97 in. 
24.01 in. 

25.4 mm 
50.95 mm 

19.05 mm 



Part3. 



a) 
b) 
c) 
d) 



30,5 m 
0.45 kg 
0.47 litre 
1.905 cm 
2.54 cm 



TESTING METRIC ABILITIES 



1. 




C 


9, 


D 


2. 


B 


10. 


B 


3, 




c 


11. 


B 


4, 


D 


12.. 


A' 


5, 






■ 13. 


C 


6. 






14. 


B 


7. 


B 


15. 


B 


8. 


C 


16. 


A 
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. SUGGESTED METRIC TOOLS AND DEVICES 
NEEDED TO COMPLETE MEASUREMENT TASKS 
INEXERCISESl THROUGH 5 
(* Optional) 



UNEAR 

Metre Sticks 

Rules, 30 cm 

Measuring Tapes, 150 cm 
^Height Measure 
'Metre Tape, 10 m 
*1Widle Wheel 
*Area Measuring Grid 

VOLUME/CAPACITY 

'Nesting Measures, set of 5, 
SOmMOOOml 

Economy Beaker, set of 6, 
50ral. 1 000ml 

Metric Spoon, set of 5, 
1ml -25 ml ' 

Dry Measure, set of 3, 
^0,125, 250 ml 

Plastic Litre Box 
Centimetre Cubes 



MASS 

Bathroom Scale 

*Kilogram Scale 

Platform Spring Scale 
5 h Capacity 
10 kg Capacity 

Balance Scale with 8-piece 
mass set 

, *Spring Scale, 6 kg Capacity 
TEMPERATURE 
Celsius Thermometer 



i 



L~lr "^"^ ^^^^ ^ VOCATIONAL EDUCATION 

# T^rO^HlStitpUmvfPl>tv - I960 Krnnv Rom) ^ Columbuv Oh>o 43^10 



SUGGESTED METRIC TOOLS AND DEVICES 

NEEDED TO COMPLETE OCCUPATIONAL 
- MEASUREMENT TASKS 

In this occupation the tools needed to complete Exercises 6, 
15, and 16 are indicated by"*." 

* A." Assorted Metric Hardware-Hex nuts, washers, screws, 

cotter pins, etc. 

* B. DnilUits-Individualbitsorsets,lmratol3mmrange 
C. Vernier Caliper-Pocket slide type, 120 mm range 

* D. Micrometer-Outside micrometer caliper, 0 mm to 25 mm 

range 

E. Feeler Gage-13 blades, 0.05 mm to 1mm range 

F. Metre Tape-50 or 100 m tape 

G. Thermometers-Special purpose types such as a clinical 
thermometer 

H. ' Temperature Devices-Indicators used for ovens, freezing/ 
cooling systems, etc. 

* I. Tools-Metric open end or box wrench sets, socket sets, 

hex key sets 

J. Weather Devices-Rain gage, barometer, humidity, wind 
velocity indicators 

K. ' Pressure Gages-Tire pressure, air, oxygen, hydraulic, fuel, 
etc. 

L. 'Velocity-Direct reading or vane type meter 
M. Road Map-State and city road maps 

N. Containers-Buckets, plastic containers, etc., for mixing 
and storing liquids > 

0. Containers-Boxes, buckets, cans, etc., for mixing and 
storing dry ingredients 

Most of the above items may be obtained from local industrial, 
hardware, and school suppliers. Also, check with your school district's 
math and science departments and/or local industries for loan of their 
metric measurement devices. 



Measuring devices currently are not available, Substitute devices (i.e., thermometer) 
may be used to complete the measurement task. 



1] O 
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muat include check to state treasurer, 

Activity-oriented introduction to the metric system designed for indepen* 
dent or group inservice education study. Introductory information about 
metric measurement; reproducible exercises apply metric concepts to 
common measurement situations; laboratory activities for individuals or 
groups. Templates for making metre tape, litre box, square centimetre grid. 

Measuring with Meters, or, How lo Weigh a Gold Brick with a Meter-Stick. 
Metrication Institute of America, P.O. Box 236, Northfield, IL 60093. 
1974, 23 min., 16 mm, sound, color; $310.00 purchase, $31.00 rental. 

FOm presents units for length, area, volume and mass, relating each unit 
to many common objects. Screen overprints show correct use of metric 
symbols and ease of metric calculations. Relationships among metric 
measures of length, area, volume, and mass are illustrated in interesting 
and unforgettable ways. ' , ' 

Metric Education, An Annotated Bibliography for Vocational Technical and 
Adult Education. Product Utilization, The Center for Vocational Edu- 
cation, The Ohio State University, Columbus, OH 43210, 1974, 149 
pages; $10.00. 

Comprehensive bibliography of instructional materials, reference materials 
and resource list for secondary, post-secondary, teacher education, and 
adult basic education. Instructional materials indexed by 15 occupational 
clusters, types of materiala, and educational level. 

Metric Education, A Position Paper for Vocational Technical and Adult * 
Education. Product Utilization, The Center for Vocational Education, 
The Ohio State University, Columbus, OH 43210, 1975, 46 pages; $3.00. 

Paper for teachers, curriculum developers, and administraton in vocational, 
technical and adult education. Covers issues in metric education, the metric 
system, the impact of metrication on vocational and technical education, 
implications of metric instruction for adult basic education, and curriculum 
and instructional strategies. 

Metrics in Career Edjication. Lindbeck, John R./Charles A. Bennett Company, 
• Inc., 809 Delwciller Drive, Peoria, IL fil614, 1975, 103 pages, 
$3.60, paper; $2.70 quantity school purchase. 

Presents metric units and notation in a well-illustrated manner. Individual 
chapters on metrics in drafting, metalworking, woodworking, power and 
energy, graphic arts, and home economics. Chapters followed by several 
learning activities for student use. Appendix includes conversion tables 
and charts. 

Taking the Tncks Out of Metrics. Metric Training Department, Creative 
Universal, Inc., Tower 14, 21700 Northwestern Highway, Southfield, MI 
48975, 1976, 4 booklets; $3.00 each, $12.00 set, discounts. 

Series of booklets presents step-by-step directions, questions, answers on 
how to read metric measurement tools: micrometers, vemies calipers, rules, 
dial indicators. 



METRIC SUPPLIERS 



Brown and Sharpe Manufacturing Co., Precision Park, North Kingstown, RI 02851 

Industrial quality micrometers, steel rules, screw pitch and thickness gages, ■ 
squares, depth gages, calipers, dial indicators, conversion charts and guides. 



Dick Blick Company, P.O. Box 1267, Galesburg,lL 61401 

Instructional quality rules, tapes, metre sticks, cubes, height measures, 
trundle wheels, measuring cups and spoons, personal scales, gram/kilogram' 
scales, feeler and depth gages, beakers, thermometers, kits and other aids. 

Millimeter Industrial Supply Corp., 162 Central^ivenue, Farmingdale, L. I., 
NY 11735 

industrial fasteners, taps, dies, ream'ers, drills, wrenches, rings, bushings, 
calipers, steel rules and tapes, feeler gages. 

Ohaus Scale Corporation, 29 Hanover Road, Florham Park, NJ 07932 

Instructional qu^ity and ptecision balances and scales, plastic calipers and 
stackable gram cubes for beginners. 



INFORMATION SOURCES 
cal^a 



AmericairNational Metric Council, 1625 Massachusetts Avenue, N.W., Washington, 
D C 20036 

Charts, posters, reports and pamphlets, Metric Reporter newsletter. National 
metric coordinating council representing industry, government, education, ' 
professional and trade organizations. / 

Metric Study Committee, Electronic Industries Association, 2001 Eye Street, . ' 
N.W., Washington, DC 20006 

Trade association. Publications concerning product standards and metric . 
changeover in electronics manufacturing. . 



National Bureau of Standards, Office of Information Activities, U.S. Disj)artmentt)t 
Commerce, Washington, DC 20234. ^ ' 

Free and inexpeijsive metric charts and publications^ also lends films and " 

lays. ^ ' V 
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